During World War II, there were 350 recognized cases of sarcoidosis among American Armed Forces personnel. These cases, chosen in a relatively unselected manner, afford an admirable opportunity for investigation into some of the aspects of the epidemiology of this disease. Preliminary studies of this group have demonstrated a striking concentration of patients' birthplaces in the Southeastern United States (1, 2). Although cases in negroes predominated, the observed geographic localization could not be accounted for solely by the distribution of the negro population in the United States. The present investigation, which was concerned with factors which might have influenced this unusual case distribution, revealed an association between the distribution of the cases and certain soil areas. Furthermore, a higher incidence of the disease was found among servicemen from the more rural areas of the Southeast. These correlations may serve as additional localizing factors for further studies on the epidemiology of sarcoidosis.
world. In all instances the biopsy specimens were reviewed and confirmed by the Armed Forces Institute of Pathology. A record of the induction chest film and physical examination was available on all patients. The complete records of all hospitalizations on each patient were studied and an analysis of the clinical data is in preparation. The standards for verification of the diagnosis have been previously reported (1, 2) . The present analysis has been restricted to 297 of these cases, 37 were excluded because of the lack of availability of data to clearly establish locale of residence or diagnosis.
The minimum information on these cases consisted of identifying data including race, birthplace, residence at the time of entry into the military service, i.e., "induction residence", and clinical and pathological reports wvhich conformed to the criteria for the diagnosis of the disease, as proposed by the National Research Council (1) . Additional consideration was given to those cases whose birthplace and induction residence were in the same or adjacent counties. For convenience, these cases have been arbitrarily designated "lifetime residents".
Figures giving the total number of persons serving in all the military services from the beginning of conscription to December 2, 1946 , were obtained through the courtesy of the National Selective Service. These data, available by county and state of indt-ction and race, were used as a basis for calculating race specific attack rates. Since the numerator consists of servicemen, a denominator representing the source of this group would be needed for calculation, hence the use of this Selective Service data. While certain factors of bias, such as omission of females, older persons and those rejected from military duty, are recognized in these rates, this military service information represented the most appropriate denominator that was available. The rates by induction residence, in turn, were selected because factors of migration, particularly the movement of Negroes from the Southeast to the northern industrial centers, prolonged the determination of accurate rates by birthplace.
The soil classification data which were used in this study were obtained through the courtesy of the Division of Soil Survey, United States Department of Agriculture. By the use of a recent map, showing the soil regions of the South, the various counties in Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, and Texas were placed in one of 91 categories, depending upon the predominant soil series charted for each county. The soil series, in turn, were combined into larger groups on the basis of similarities in topography, profile, and parent materials, to form the soil areas characteristic of the Piedmont Plateau, Middle and Lower Coastal Plain, and other physiographic divisions of the Southeast. These soils are contained for the greater part in 8 of the 36 great soil groups thus far recognized in the United States, namely, the Red-Yellow Podzolic soils, Rendzinas, Alluivial soils, Reddish-Chestnut soils, Ground-Water Podzolic soils, and Lithosols. 4 The urban-rural distribution data which were used in this study were obtained from the 1940 census report. The population characteristics utilized in the urban-rural classification included population density, as defined by population per square mile, and total population. In relation to the negro cases, the population of negro inhabitants of a county classified as rural by the Bureau of Census was used. For this part of the study a total of 185 cases was studied. Each of these patients had entered military service from one of the ten Southeastern states, the area in which the highest incidence of the disease was found. An attempt was made to characterize the county areas of residence as predominantly rural or urban on a relative basis and to consider attack rates among servicemen from county areas of varying urbanrural composition.
RESULTS

Geographic distribution
The breakdown of cases by states is shown in Table I . The states have been divided into three geographic areas on the basis of the relative incidence of the disease. Region I, which had the highest incidence of sarcoidosis, was composed of the nine South Atlantic and Gulf Each dot represents the induction residence of a single case. The heavy line represents the approximate location of the fall line and the shaded area indicates the "border" counties.
Georgia and in the area where Texas, Louisiana, and Arkansas are contiguous. This distribution corresponds very closely with the physiographic area known as the Atlantic and Gulf Coastal Plain. Until relatively recent geologic times, this area was covered by the sea and was delineated along its westernmost and northernmost extent by the former coast line, which is now known as the fall line (3). The approximate position of this former coast line is shown by the heavy line on Figure 3 .
Comparisons were next made of the race specific attack rates by induction residence for the areas within the Southeastern states in relation to this geologic landmark. In arriving at these rates, counties-were assigned to the "above" or "below fall line" category, depending upon their localization. Since the former coast line transects many contemporary county borders, and since the determination of its exact location in any region may be difficult, the counties traversed by and adjacent to the fall line, which have been designated as border counties, were considered separately. The term "modified" fall line was introduced to represent the composite area of these border counties and is depicted in Figure 3 by the stippled area. Table IV indicates negro attack rates by induction residence for the areas of the ten states of Region I in relation to the "modified" fall line. It can be seen that for each state a greater number of cases in negroes occurs in the "below fall line" area. Similarly, the attack rate is greater for this area in each of the states, with the exception of Texas. The overall rate for the "below fall line" area in four of the states, Alabama, Georgia, North Carolina, and South Carolina, is 49.0 per 100,000 or five times greater than the 1844 .Is i I ,overall "above fall line" rate of 10.0 per 100,000 for these states. In three other states, Arkansas, Texas, and Virginia, the differences in attack rates between the "above" and "below fall line" areas are not statistically significant. However, in two of these, Arkansas and Virginia, the trend of the rates is the same as that observed in the four states where the differences are significant. Thus, we have a distinct intrastate concentration of the cases in the coastal plain area which appears to be unaccountable for by population distribution within these states.
Relation to other geographic factors
A number of ecological factors were explored for a possible explanation of this unusual localization. Among these were meteorologic conditions (4), the distribution of plant and animal life (5, 6) , agricultural practices (7), and overall population densities (8) . It was found that none of these factors was overtly associated with the distribution of the cases.
Since the fall line delineates, among other things, the boundaries of geologic formations (9) and major soil groups in the Southeast, attention was directed to a consideration, in a qualitative fashion, of surface materials. A close association appeared to exist between the residences of the cases and some of the soils of the coastal plains. This correlation was strengthened by several additional observations. In the Mississippi Valley, relatively few cases were noted although this is an area with a large negro population. The Alluvial soils, which are found there, differ significantly in character from the other soils of the Southeast. Furthermore, in the area where Texas, Louisiana, and Arkansas are contiguous, there is a reappearance of some of the soils which are present along the eastern portion of the coastal plain. The concentration of cases in this general region appeared to strengthen the preliminary correlation of the cases with these soils. Therefore, a more detailed and quantitative study was made of this relationship. 
Soils of the southeast
The general pattern of the soil areas in the Souitheast is shown in Figure 4 .5 These soils can be differentiated on the basis of well-defined morphological and other characteristics, such as chemical composition, geologic precursors, native vegetation, and topographhy (10, 11) .
The Red-Yellow Podzolic soils formii the dominant group in this region, extending from Virginia to Texas. These have light-colored sandy surfaces overlying firm, red to yellow subsoils. They are generally well drained, strongly leached, and low in organic and mineral plant nutrients.
On the basis of variations in one or more of their characteristics, these leached soils can be further classified among a number of subgroups. 5 Since identical soil classification data were not available for Virginia, the subsequent analysis has been restricted to nine of the states in Regioni I. Older soil classification schemes (10) indicated that the inclusion of Virginia did not significantly alter the correlations obtained between race specific attack rates for sarcoidosis and residence in certain soil areas.
In Figure 4 are outlined The Red-Yellow Podzolic soils of the Middle Atlantic Coastal Plain, subgroup "la," those of the Piedmont Plateau, subgroup "lb," and a miscellaneous subgroup, 100,000 were noted for the group "ic," group "3," and group "4" soil areas, respectively.
It is apparent that the greatest differences in attack rates exist between the soils of the Middle Coastal Plain and those of the Piedmont Plateau, where a ratio of almost 7 to 1 in these rates is observed. This ratio should be contrasted to the much smaller 3 to 1 ratio which was found between the negro attack rates for Regions I and III.
No significant localization of the cases by induction residence appeared to exist within the Red-Yellow Podzolic soils of the Middle Coastal Plain itself. Thus, negro attack rates in relation to this particular soil group for each of the nine Southeastern states, as shown in Table VI , are essentially equivalent. The one exception, perhaps, is North Carolina, where the rate of 71.3 per 100,000 is somewhat higher than those for the other states. Even with this elevated rate, however, the total chi square of the differences, 10.48, is not statistically significant. Race specific attack rates were determined for each of the seventeen minor soil series which compose the leached soils of the Middle Coastal Plain. Because of the generally small number of cases, it was difficult to compare the rates, which were found to be quite variable. However, no significant concentration of induction residences was observed in relation to any of these soil series, as can be observed from Figure 5 . There, the approximate locations of the individual soil series are indicated by the alphabetical characters. Thus, the factor (or factors) which influence the concentration of cases by induction residence in the Middle Coastal Plain area appears to be distributed with some uniformity.
Factors of migration
Admittedly, these efforts to quantitate the association of the cases of sarcoidosis with certain soil groups are crude. However, the previouslymentioned influence of migration, particularly forthe negroes, seems to mlinimize the observed differences. For The overall differences between these rates are statistically highly significant (X2 = 20.49, p < .001). The small number of white cases in relation to each county group made it difficult to evaluate the differences between the attack rates observed. However, the overall trend of these rates was the same as that found among negro servicemen. Figure 6 illustrates the population density distribution for the counties of the ten-state region. In comparing this with Figure 3 , which illustrates the distribution of the cases of sarcoidosis in relation to the modified fall line, it appears that the more densely populated counties are located in the area of the Piedmont Plateau (above the fall line) whereas the distribution of the less densely populated counties appears to conform to that of the Atlantic Coastal Plain (below the Fall line).
In view of the previously demonstrated correlation between race specific attack rates for sarcoidosis and residence in certain soil areas in the Southeast, it was deemed desirable to determine whether urban-rural localizing factors were acting independently of these soil associations. Therefore, attack rates were computed for servicemen from the various soil areas of the Southeast according to the population density distribution of the various counties.
These Rates of 23.7 and 24.9 per 100,000 were obtained for servicemen from counties with population densities of 19 or fewer, and 20 to 49 inhabitants per square mile, respectively. The overall rate for these composite county areas, 24.9 per 100,000, is statistically significantly higher (p < 0.001) than the overall rate of 10.9 per 100,000 observed among servicemen from counties with greater population densities, 50 to 99, and 100 or more inhabitants per square mile, respectively. Again, there is no consistent downward trend in the rates as shown in Table VII for the entire tenstate region, but the qualitative relationships remain unchanged, i.e., higher attack rates prevail among servicemen from counties with low population densities, which presumably are most rural in character. These findings suggest the presence of a rural localizing factor in the occurrence of sarcoidosis which may be independent of any primary soil relationship.
By grouping the counties of the "la" Middle Coastal Plain soil area according to population size, a similar correlation can be demonstrated, as shown in Table X . Here, a threefold difference is evident between the attack rate of 124.4 per 100,-000 among negro servicemen from counties with the smallest total populations, less than 10,000 inhabitants, and the overall rate of 41.1 per 100,-000 among servicemen from counties with the smallest total populations, less than 10,000 inhabitants, and the overall rate of 41.1 per 100,000 among servicemen from counties with more than 10,000 inhabitants. Although the former rate is based on only seven cases, the difference between these rates is statistically significant (p < 0.01). Again, no consistent downward trend in the rates is apparent among the more populous counties; however, the rate among servicemen from counties with populations of 100,000 or more, is only 25.7 per 100,000, a somewhat lower value than the others.
A further suggestion of the rural localization of sarcoidosis is provided by other Bureau of the Census data. Table XI presents the attack rates among negro servicemen from the Middle Atlantic Coastal Plain soil area according to the proportion of inhabitants classified as "rural," i.e., those residents in communities with less than 2500 people, among the negro population of each county. A direct correlation exists between these rates and the percentage of "rural" negro inhabitants. Thus, among negro servicemen from counties where 90 to 100 per cent of the negroes are in the "rural" category, the attack rate of 54.7 per 100,000 is highest. This declines to a rate of 29.0 per 100,000 for the servicemen from counties with less than 49 per cent "rural" negro inhabitants. Although the differences between these rates are only of borderline statistical significance, the trend is in conformity with previous findings.
Admittedly, these attempts to demonstrate a rural localization of sarcoidosis among World War II servicemen are also crude. The factor of migration, among others, again introduces some uncertainty in the interpretation of the findings and the unavailability of residence data pertaining to the pre-induction period precludes any attemlpt to correct for this variable. The importance of the latter is evident from the findings on the follow-up studies of 40 cases in the ten-state Southeastern region. Sixteen, or 40 per cent of these patients, lived in a community with a population of 2500 or greater at the time of their induction into the armed forces, and by the criteria of the Bureau of the Census, could be termed '"urban' inhabitants. However, chronological residence histories from these sixteen individuals revealed that eleven had spent more than half their lives on farms or had engaged in farming as an occupation prior to military service, and therefore must have had prolonged contact with rural environments. It would seem likely that similar residence information from more intensive follow-up studies of all the cases would serve to strengthen the relationship between the disease and previous rural residence. DISCUSSION An analysis of the residence data from this group of 297 military cases of sarcoidosis revealed a distinct concentration of their birthplaces and induction residence in the Southeast. Within this region, a significant correlation was observed between race specific attack rates and residence in areas defined by the distribution of certain specific soil groups. In addition, significantly higher attack rates were noted among military personnel from the Southeast whose residences at the time of entry into the armed forces were located in the relatively rural counties, as evidenced by low population density and small population size of these areas.
Since sarcoidosis is not a reportable disease, there is a paucity of morbidity data from which any comparison might be made with the cases w hich occur in the general population. Israel and Sones (12) have recently described their experiences with cases of sarcoidosis seen in Philadelphia. Of the 74 negroes in their group, 64 were born in the South, a distribution greatly disproportionate to the estimated percentage of southernborn negroes in that city.
Some (lata from a group of civilian cases of sarcoidosis in North Carolina (13) The evidence that Boeck's sarcoid occurs with greater frequency among inhabitants of rural areas is in accord with the suggestion that soils may be determinants in the occurrence of the disease. Longcope and Freiman (16) in confirming an earlier observation of Lomholt (17) , noted that sarcoidosis often affected farm laborers and those who live in country districts. Whitehead (18) and Cone (19) refer to similar observations. In relating calcareous crystalline material in soils to the pathogenesis of lesions characteristic of sarcoidosis, Refvem (20) noted ". . . that people living in the country are preferably attacked by Boeck's disease, especially farmers, gardners, etc." Israel and Sones (12) reported that of ten cases of sarcoidosis in white persons seen in Philadelphia only one had been a life-long resident of that city. They noted that "Sarcoidosis would appear to be extremely rare among what is the largest group in this country, the native-born urban white."
The higher attack rates of sarcoidosis among the rural inhabitants of the Southeastern United States, its apparent predilection for negroes and for those living in certain soil areas presents a challenging and perplexing problem. If sarcoidosis is a manifestation of a single etiologic agent, the widespread occurrence of cases in this country would indicate that such an agent is not confined to the Southeast. However, the distinct aggregation of military cases in this area and the suggestion of a similar distribution among civilian cases leads to speculations which may point to further investigation.
It is conceivable that the observed geographic localization of the disease is the result of a) the presence of a highly favorable environment in areas within the Southeast for the growth, propagation, or transmission of an etiologic agent or agents, or b) an alteration in the susceptibility of the population of these areas which predisposes them to the action of some agent which elsewhere might possess a very low grade or altered pathogenecity.
The role of possible host factors in the localization of sarcoidosis is suggested by experiences with pellagra in this country. The concentration of the latter disease in the Southeast could be related largely to the socio-economic status and consequent dietary habits of the affected population, with contributory or secondary factors, such as infectious diseases, influencing its incidence at a particular time or place (21) . Similarly, dietary peculiarities and the socio-economic status of the population in certain areas of the Southeast may enhance their resistance to the inciting factor of sarcoidosis; however, little information is available on this point.
The data pertaining to the unusually high incidence of sarcoidosis among negroes in this country also suggest an influence of host susceptibility. Of the total of 523 cases reported in the American literature up to 1952, 385, or 73.4 per cent, were of this race (16) . The 26 to 1 ratio between the overall negro and white attack rates in the present series of cases emphasizes this racial predilection. In contrast are the reports from Europe and elsewhere which indicate a high frequency of sarcoidosis in the white race (22) . Schonholzer found 67 cases of sarcoidosis among 516,879 Swiss army recruits subjected to mass radiographic examinations, an incidence of 13 per 100,-000 (23). This rate compares much better with the overall attack rate in negroes of 18 per 100,000, than the white rate of 0.7 per 100,000 among American servicemen. Although these two series are not strictly comparable, the results suggest that factors other than inherent racial susceptibility may be influencing the higher prevalence of sarcoidosis among negroes in this country. Thus, sociologic and environmental factors, such as those suggested to account for the significantly higher incidence of venereal diseases among this group (24) , may similarly contribute to a susceptibility for Boeck's sarcoid.
The possible concentration of an etiologic agent in some of the soils of the Southeast is brought to mind by the somewhat similar distribution of hookworm disease in the sandy areas of this region (25) , and the greater prevalence of this parasitic infection among rural inhabitants (26) . Furthermore. recent epidemiologic studies of various mycotic diseases, particularly histoplasmosis and coccidioidomycosis, indicate that their distribution is restricted to regions containing soils favorable for the growth and dissemination of the causative fungi (27) (28) (29) . By analogy, it can be postulated that some helminth, bacterium, fungus. or virus giving rise to sarcoidosis may find certain of the Red-Yellow Podzolic soils of the Southeast the best. natural media in which to thrive and thus result in the described localization of the disease.
Other factors, such as the role of intermediate vectors, may account for the circumscribed distribution of Boeck's sarcoid. The Southeastern localization of typhus and malaria can be correlated with the distribution of the tropical rat flea (Xenopsylla cheopis) and certain species of mosquitoes (Anopheles quadrimaculatus) (30, 31) . In these instances the concentration and migration of the rat, as well as climatic conditions (32, 33) , and the presence of impounded water and other suitable breeding places (34) , rather than any specific soil characteristics, appear to be the factors which confine these respective arthropods to this region. However, certain insects are restricted to specific soil areas, thereby localizing disease agents for which they are the natural vector. Acute conjunctivitis in the South and the distribution of the sand gnat, (Hippelates pusio), may be such a case in point (35, 36) . Again by analogy, it is possible that some intermediate arthropod vector, in close association with certain soils, serves as an effective transmitter of the etiologic agent of sarcoidosis. However, the lack of any evidence to incriminate an intermediate vector in the transmission of the disease and the lack of any knowledge concerning an arthropod distribution which conforms to that observed for the military cases casts some doubt upon such an hypothesis.
The plant and animal life of the soil areas in which cases of sarcoidosis are concentrated bear scrutiny for a possible etiologic relationship to the disease. In addition, the chemical differences between the various soils of the Southeast might have some relation to the localization of Boeck's sarcoid.
In regard to the latter, the Red-Yellow Podzolic soils of the Piedmont Plateau (where relatively few cases of sarcoidosis resided) contain a strikingly lower percentage of silica and higher percentages of alumina and potash than do the soils of the middle Atlantic Coastal Plain (10). These differences and the resemblance of the pulmonary forms of sarcoidosis to some of the pneumoconioses suggest the possibility that soils may be directly implicated in the pathogenesis of Boeck's sarcoid. In support of this are the observations of Refvem, who demonstrated crystalline material, which he assumed to be derived from calcareous spars in the soil, in biopsy specimens of 4 of 100 patients with sarcoidosis (20) . Ayres, Ober, and Hamilton are of the opinion that many of the strictly localized sarcoid lesions of the skin, following trauma, are actually a form of silicosis (37) , and similar contentions have been made by other workers (38, 39) . Experimentally, Gardner was able to reproduce in rabbits, guinea pigs, and rats, granulomatous lesions resembling those of sarcoidosis, following the administration of particles of silicon dioxide (40) .
Suggestions have been made of a relationship between sarcoidosis and the chronic form of beryllium poisoning (41 ) . Although there are many similarities in clinical features between the two, certain differences have been found (42 
